Introduction
Since 1906, the Pomology Section of the Iowa Station has had under investigation a number of problems dealing with the storage of Iowa apples (1, 7, 10) . The investigations have dealt principally with the development and control of Jonathan-spot, soft-scald and internal breakdown as these are affected by the maturity of fruit, cultural conditions, temperature, humidity, aeration and wrap experiments.
During the season of 1923, a joint project was outlined with the Chemistry Section of this Station which included a rather complete chemical study of Grimes apples handled under varying conditions before the storage period. It was particularly desirable to know more about the general chemical relationships existing within apples handled under known conditions.
The literature dealing with the chemical changes taking place in apples on the tree has been thoroughly reviewed by BIGELOW, GORE and HOWARD (2) , also by MAGNESS and DIEHL (8) . The present paper gives a rather complete account of certain chemical changes taking place in Grimes apples at the time they were placed in storage, after certain definite periods of delay, and at the time of picking. Further analyses of the fruit after removal from cold storage have been made and are included in this report. These data are of interest in connection with the storage experiments where certain physiological disorders have developed.
Collection of samples Samples which were used in the following chemical investigations were part of the regular lots which were placed in cold storage. The plan adopted provided for the harvesting in a series of four pickings, three boxes each, storing immediately one box of each series at the time of picking and holding the other two boxes at the packing house for one and two weeks respectively before storing. At the time of each picking, a sample consisting of fifteen apples was selected from each storage lot for the chemical analysis. The treatment of these samples at the orchard was the same as that of the corresponding storage lots. When a certain storage lot was sent by express to Ames for cold storing, a corresponding sample was sent to the Chemistry Section Laboratory for analysis. Each allotment of fruit reached Ames the morning following the day it was sent, the chemical samples representing the storage lots of fruit were shipped to Ames by Special Delivery, arriving at the laboratory within twenty-four hours.
Preparation of material for analysis
The apples arriving at the laboratory were immediately cut in thin slices, aliquot samples were taken for moisture determinations, and for expression of the juice by the aid of the hydraulic press. The remainder of the material was dried in a vacuum oven at 700 C. and 50 mm. pressure. This drying method permitted a minimum of metabolic changes in the tissue without causing carmelization of the carbohydrates. The dried material was ground in an " Empire " and "Merker " mill respectively until the ground product could be passed through a 100 mesh sieve.
Methods of analysis A weighed sample of the ground tissue was freed from lipoids and soluble organic acids by percolation with anhydrous, alcohol-free ether. After expulsion of the ether the residue of the sample was extracted with boiling 90 Hemicellulose or acid hydrolyzable.-The residue from the starch digestion was boiled with 150 cc. of 2.5 per cent. H2SO4 (by weight) for one hour. The filtered solution was neutralized and clarified in the usual manner. The acid-hydrolyzable portion was expressed in terms of glucose, using the DEFREN-O 'SULLIVAN method.
Soluble pectin.-Five grams of the dry ground apple tissue were successively extracted with cold water at room temperature. It was found that three extractions removed all but traces of soluble pectin. The combined extracts were neutralized and brought to volume. Aliquots were taken for soluble pectin determination by precipitation as calcium pectate according to the method of CARRE and HAYNES (5) .
Insoluble pectin.-The residue from the soluble pectin extraction was autoclaved with N/20 HC1 for one hour according to Carre (4) for insoluble pectin determination.
Experimental It was thought advisable to include a brief study of the changes occurring in the fruit prior to commercial picking. Accordingly samples of rather unripe apples were gathered and analyzed at stated intervals. These data together with the analyses of the various commercial pickings, both for immediate and for delayed storage are given in table I. These analyses were made to represent the composition of the apples before placement in cold storage.
Examination of these data will show that the ripening process in the apple is accompanied by decided changes in chemical composition. Collections prior to commercial picking show a higher moisture content, low specific gravity, low percentage of sugars, high dextrin and acid-hydrolyzable values, together with larger amounts of insoluble and total pectin, while the starch values during this period have not attained their maximum. During the process of ripening upon the tree, as shown by the various commercial pickings, the fruit remains quite constant in moisture content. Specific gravity and total sugars increase. Acidity decreases slightly with an accompanying decrease in starch and acid-hydrolyzable material. The various forms of pectin remain quite constant during the commercial picking stage, substantiating the statement of CARRE' (4) "that the maximum pectin content continues over a period of about four weeks, during which the apples remain in their prime condition."
Apples delayed one week before storage, continue their ripening processes as shown by a decrease in moisture, acidity, dextrins, starch and acid- fig. 6 with those for total sugars, prior to cold storage, in fig. 1 suggests a certain amount of interrelationship. The minimum and maximum points in these figures assume somewhat like appearances. Considering the various pickings individually, it will be seen that low total sugars are followed by low breakdown. With an increase in total sugars, as shown by one week's delayed storage there is also an increase in breakdown. Vice versa a decrease in total sugars of the individual pickings shows a decrease in breakdown. The Septemiber 25th picking has a negative total sugar curve and also a negative breakdown curve. On the basis of individual pickings it appears that low total sugars are associated with low breakdown. However, when averaging the various pickings and using definite values the above relationship does not hold. For example the pickings on September 14th and 21st have the highest percentage of total sugars and the lowest percentage of breakdown. It would appear then if there is an interrelationship between total sugars and breakdown, that it is a function of individual pickings and not a finite value. With the exception of the relation of total sugars to breakdown there appear to be no definite correlations between chemical composition as determined, and keeping qualities in the sample of Grimes apples used in this work.
According to SANDO (11), certain unfavorable changes occurring during apple storage are associated with the presence of a chromogenic substance, quercetin or its glucoside. While BROOKS, COOLEY and FISHER (3) state that "their experiments indicate that apple-scald is due to an accumulation of esters or similar products in the tissues of the fruit. " Since both apple-scald and breakdown were found in the cold storage material, a chemical analysis was made upon normal and diseased tissue in several crates. In each sample the soft, dark brown tissue was removed from the sound portion of the apple. These tissues were dried separately in the vacuum oven at 700 C. and 50 mm. pressure. The results of these analyses appear in table III.
The unsound tissue shows a lower specific gravity, acidity, and soluble pectin content, together with a higher amount of acid hydrolyzable material.
However, on the basis of these few analyses the differences in chemical composition apparently do not account for the extreme variation in texture and appearance of the tissues. Summary 1. A chemical study has been made of the changes incident to ripening and storage in the Grimes apple.
2. The ripening process both on the tree and in storage is associated with loss of moisture, acidity, dextrins, starch, and acid hydrolyzable material, together with an increase in specific gravity, sugars and soluble pectin.
